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Preface

The four volumes that make up History of Modern Science and Mathematics
have been organized with the aim of explaining to students at the high
school and university level the central features of Western science within the

context of its historical development. Although it is doubtless vital that these vol-
umes impart to the student an informed and critical awareness of the scientific cul-
ture that has flourished in modern times and the prominent role that this culture
has played in our understanding of the human condition and the place of humani-
ty in the cosmos, we did not see it as our mission to provide a rationale for includ-
ing these branches of knowledge in high school and university curricula. Indeed, we
have taken it as axiomatic that mathematics and the sciences of nature are all wor-
thy in their own right of being studied historically. Our mission, rather, was to fur-
nish those who study and teach the history of science and mathematics with a set
of pedagogical tools that would instill in the reader an appreciation of the richness
and diversity of scientific practice. 

Although it is true that, like other aspects of history, the history of science is
made by individual persons and not by experimental devices and grand theories, we
took the position early on in this project that science is more than the sum of the
activities of heroic individuals—indeed, that the history of science is a rich network
of thought and practice with many conduits and junctions. Individual scientists, of
course, do make lasting contributions that often confer on their name an honorific
status in the annals of science (e.g., the Copernican theory and the Faraday effect),
but the enduring legacy of scientific endeavor is the rich network of disciplines that
make up the science curriculum of schools, colleges, and universities. It is the his-
torical development of these disciplines and their many interdisciplinary connections
that is the subject matter of these volumes. 

Because of the maturation of the history of science and mathematics as fields of
academic study, these volumes have been enriched by the participation of profes-
sional historians from all over the globe. Authors of articles were requested to
emphasize the scientific landmarks of their subject fields, striking, where appropri-
ate, a balance in their narratives between the roles played by theory, experiment,
technology, and calculation. The development of some branches of science (e.g.,
optics) has been driven by the spectacular rise of experimental technology to a
greater extent than others (e.g., paleontology), and so this request was but an ideal
that many of the articles could not realize. 

These volumes face a nearly impossible task: Since the world of science is ever-
changing, any reference book is bound to be dated within a few years of its publica-
tion. History of Modern Science and Mathematics, however, does not strive to bring
the reader up to date with the most current cutting-edge innovations and develop-
ments. We aspired to create a collection of articles that would be authoritative in the
sense that they would reflect the best historical scholarship, but for the most part, the
scientific content is restricted to those areas of the science of nature and mathematics
that are no longer progressive and changing and so are “historical objects of study” in
the proper sense of this expression. Although the facts and theories reported in these
pages are often out of step with the latest scientific opinion, these volumes do serve to
instill in the reader a sense of the historical character of scientific knowledge and a crit-
ical sense of the social, cultural, and political context that helps to shape the approach-
es that scientists take to the study of nature. 
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A concerted effort has been made to make these volumes as comprehensive as a
four-volume reference work can be. Even so, we have been compelled to be highly
selective. There are far more scientists working in the latter half of the twentieth cen-
tury than in all of previous history. Any attempt at history that recognizes and gives
priority to this imbalance will give almost all its attention to recent decades. Although
some of the articles explore the history of more recent scientific developments, in other
articles such developments are discussed only in passing, if at all, in view of the fact
that recent scholarship is very limited and, in some areas, such as contemporary work
in the physics and chemistry of solids, virtually nonexistent. This limited availability of
historical scholarship has shaped our editorial policy, so that the articles by and large
are restricted to periods that are comparatively well traveled. 

Most articles open in the seventeenth century, in the period immediately following the
publication in 1543 of Copernicus’s monumental De revolutionibus orbium coelestium
(On the Revolutions of the Heavenly Spheres, 1543). The seventeenth century seemed an
appropriate springboard for our endeavors: In addition to the rich and lofty body of math-
ematical theory that we associate with Isaac Newton’s celebrated Philosophiae naturalis
principia mathematica (Mathematical Principles of Natural Philosophy, 1687), the seven-
teenth century witnessed the creation of a scientific community with conditions of com-
munication and education within which general agreement of basic aims, methods, and
criteria of success could be reached. Since the creation of this community was deeply impli-
cated in the specialization and differentiation of the various branches of the science of
nature, it was decided that each article would open with seventeenth-century 
developments, following some preliminary discussion of the roots of these achievements
in antiquity and the Middle Ages, where appropriate. Even this plan, however, called for
exceptions. Atomic and nuclear science, for example, is a science of the late nineteenth and
twentieth centuries. Although the atomic hypothesis dates back to Antiquity, the branch
of science itself really emerged only at the turn of the twentieth century, so much of the
article is given over to events that occurred between the 1890s and the 1930s. 

The areas of science covered in History of Modern Science and Mathematics are
those that in modern times fall under the rubric of mathematics and the sciences of
nature. This includes astronomy, biology, chemistry, mathematics, physics, and subjects
that fall under or are associated with these areas, such as developmental biology and
genetics, meteorology and oceanography, and calculus and algebra. In addition, we
have included articles on aspects of those social sciences (anthropology and psycholo-
gy) that bear close ties to mathematics and the natural sciences. 

Setting aside the topical essays and the overview articles that open the set, 
technology, medicine, and philosophy of science, as well as the social sciences, are
included only in instances where some aspect of research was related intrinsically to the
sciences of nature or to mathematics. The organizational decision not to include those
branches of science that still carry the label “applied science”—agriculture, medicine,
engineering, and the like—caused us the greatest amount of concern. After all, why
shouldn’t these applied sciences be included along with those branches that tradition-
ally carry the label “pure science”? There are a number of reasons for resisting the dis-
tinction between pure and applied science and for including articles on medicine and
the like. Most compellingly, historical research has shown conclusively that the dis-
tinction between pure and applied science is misleading because it sustains the age-old
conviction that pure science precedes applied science and that the practical attempt to
apply the theoretical results of science in concrete situations is a secondary and inferi-
or kind of endeavor. Study after historical study has revealed that, as often as not, it is
a new instrument or a novel set of experimental practices that arrives first on the scene.
Galileo’s telescope, for example, toppled ancient astronomical beliefs while opening up
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an entirely new area of astronomy concerned with the description of individual stellar
objects, despite the fact that the theory of the telescope remained to be developed. The
lesson here is that theoretical investigations were often inspired by technological break-
throughs achieved in the absence of systematic theory. Even when the emergence of a
new technology or practice did not precede and thereby stimulate the production of
new theory, it was often inextricably intertwined with theory, so that it is misleading
to suggest that the branches of sciences that we conventionally label “applied” are
applications of preexisting theory to practice. The only safe conclusion, in light of this
rich body of historical scholarship, is that undoubtedly the best history of science
would be a history of all the sciences, applied as well as pure. 

For the purposes of these volumes, however, we decided to set aside those branch-
es of science that on the traditional view would be regarded as applied. It was a case
of practical considerations outweighing our goal of comprehensiveness. If we were to
include medicine, for example, on the grounds that medicine is a science, we felt that
we would then have to include agriculture, preservation of foodstuffs, textiles, and
many other practical uses of scientific knowledge. Indeed, we felt that these volumes
would have to take account of virtually every material practice of humanity, resulting
in a work ten times the size desired. 

Although we were forced to exclude areas of scientific study that we would oth-
erwise have wished to include, we were satisfied that the articles were sufficiently
comprehensive to give the reader an appreciation of the diversity and richness of sci-
entific practice. The various articles make it clear that history of science is both diffi-
cult and challenging as a field of study, requiring expert knowledge in more than one
discipline as well as facility with more than one (and sometimes many) language(s). 

Although designed with a youthful audience in mind, it is our belief that History
of Modern Science and Mathematics reflects not only the best existing scholarship but
that these volumes often go beyond this in many places and constitute scholarship
where none existed previously. The history of twentieth-century chemistry has yet to
be written, so the lengthy section on twentieth-century chemistry offered here is a pio-
neer study of its kind. Even in areas where historical scholarship is rich, these articles
often cover new ground, or at least till this ground in new and interesting ways. Again
using our treatment of chemistry as an example, the history of chemistry to the eigh-
teenth century included here is a valuable addition to the literature on the subject, par-
ticularly for its treatment of Arabic sources of chemical knowledge in the West. 

The set, as mentioned above, opens with four topical essays that explore 
questions about the rationale and scope of the project as a whole. First, there is the
question of the method of historical inquiry adopted by the authors of the articles. As
committed as we were to the belief that these volumes should leave the reader with
an informed and critical awareness of mathematics and the sciences of nature, we also
believed that these volumes should instill in the reader the same critical and informed
attitude toward the history of these disciplines. The opening article on the relation-
ship between science and the history of science historically situates the approach
adopted by virtually all the contributors to these volumes, while serving notice that
there are other ways of conceiving the relationship between science and its historical
development. The question of the relationship between science and technology is cov-
ered in the second topical essay. One of the dominant themes of many of the articles,
especially in physics and chemistry, is that the sciences of nature have been increas-
ingly dominated by technology. The second article is a reminder that technology has
its own history, apart from its collaboration with science, and it helps to clarify why
the history of technology is not treated in a systematic way in this set. Next, the ques-
tion of the history of medicine and its many rich and deep ties with the natural 
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sciences is explored in the third topical essay. Although we elected to set aside those
sciences that traditionally would have been called “applied,” this essay constitutes
something of an exception since it is basically an overview of medical history. We felt,
however, that a set such as this would be incomplete without some systematic treat-
ment of the history of medicine insofar as it could trace the field’s scientific under-
pinnings; this approach had the added appeal of enriching the individual articles on
biological fields. Finally, there is the question of the relationship between science and
mathematics explored in the fourth topical essay. Although we were committed to the
idea that mathematics deserves to be studied in its own right historically, we were also
sensitive to the fact that there would be overlap between the mathematics articles and
the articles dedicated to the sciences of nature. We therefore elected to include a top-
ical essay on a theme—the nature of mathematical proof—that would help to unify
the mathematics articles and set them apart from the others. 

Following these topical essays, the reader is presented with three overview articles
on the main areas of inquiry featured in these volumes: the biological sciences, the
physical sciences, and mathematics. The authors were asked to address in a general and
nontechnical way some of the dominant themes in these main subject areas and, where
possible, to explore the role played by philosophical and other cultural factors in the
development of these areas. The articles on the disciplines themselves follow these
overviews. Interspersed throughout these articles are special features, many exploring
themes that recur in various articles. These special features were incorporated so that
contributors could explore in some detail some of the nuances that were important to
the development of scientific knowledge but were in danger of being set aside on the
grounds that discussion might disturb the flow of historical narrative. Topics for side-
bars included, but were not restricted to, scientific instruments and instrumentation,
biographies of scientists, institutions, connections with social and intellectual matters
related to science, and connections with other sciences. 

The articles, by necessity, vary in technical difficulty. Some of the history of math-
ematics articles—algebra and calculus, for example—presume a preexisting knowledge
of difficult concepts and terminology in these fields, as is also true in other more diffi-
cult fields, such as the history of atomic and nuclear science. Readers without a back-
ground in the relevant fields may find these articles daunting. These difficulties are
aggravated by the fact that scientific concepts and principles undergo revision over the
course of time. Occasionally, these revisions are so global and extraordinary in their
character that it appears as though the new ideas and practices are utterly removed
from old ideas and practices. These revolutionary episodes can be so breathtaking that
they often involve a complete reorganization of related fields and implicate fields that
were thought to be removed completely from the center of revolutionary upheaval. For
instance, the concepts and principles of the classical mechanics associated with Isaac
Newton and his legions of followers are no longer viewed as fundamental descriptions
of nature; they are nevertheless seen by scientists as useful approximations to more
modern values deriving from the new physics that arose in the twentieth century. It is
for this reason that students who lack some exposure to classical methods may expe-
rience difficulty with some sections of the physics articles. To lessen this type of bur-
den, we have sought to aid the less initiated reader with a series of definitions and
cross-references placed in the margins that will help the reader build a fuller and clear-
er understanding of some of the terms discussed. In-text cross-referencing is also used
in instances where a general concept is explored in detail in another article. 

A large number of original drawings, as well as illustrations from historical source
material, were incorporated to clarify difficult concepts and to help the reader visual-
ize complicated theories and experimental practices. These illustrations often serve as
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important reminders that science is a complex activity that calls for the collaboration
of a number of intellectual and material resources, including resources that allow sci-
entists to visualize phenomena that otherwise would lie beyond the realm of percep-
tion. Indeed, some of the historical illustrations incorporated into these volumes were
so central to the growth of scientific knowledge that they served as sources of infor-
mation independent of associated text. 

A cross-disciplinary chronology is included as an appendix and is meant to
offer the user an additional research tool. Due to space constraints, all the events,
trends, discoveries, and inventions detailed in the articles could not be recapitulat-
ed here. Nevertheless, it does present comprehensively all the important highlights
covered in the articles—and then some; the researcher can, therefore, consult it
independent of the articles for quick and easy chronological research. We present-
ed the material horizontally across a general range of disciplines, so that the user
could get a sense of the cross-fertilization of ideas that was so important in the his-
tory of science and mathematics.

A name index and subject index complete the set. The name index, which is com-
prised of all the scientists, mathematicians, and philosophers mentioned in the four vol-
umes, presents the individuals in alphabetical order with life spans in parentheses. The
general index includes all subjects, concepts, and topics of research and discovery, as
well as related trends, events, institutions, and works of note. 

Many people are to be thanked for helping us bring this project to completion. First
and foremost, I want to thank the authors of the individual articles, who have taken
valuable time away from their teaching duties and research in the interest of con-
tributing articles to this set. These individuals were judged to be the best equipped to
give an authoritative account of the historical development of their respective fields. All
authors, to my knowledge, accepted this task because they cared deeply about the sort
of history that was to be digested by the young audience that would make up the bulk
of the readership of these volumes. To this end, the authors were unstinting in their
willingness to make changes in their articles in the name of clarity. It was decided that
the technically demanding nature of mathematics and the sciences of nature would not
be compromised to facilitate an easy and necessarily compromised understanding.
Instead, where the content of the science presumed a scientific and mathematical flu-
ency that it would be impossible for our average reader to possess, the authors were
asked to return to their desks to clarify the meanings of problematic concepts and,
where appropriate, to expand their accounts. 

I also want to express my gratitude to my associate editors: Craig Fraser took
responsibility for mathematics and helped out in physics, Trevor Levere for chemistry
and oceanography, and Polly Winsor for the life sciences and the social sciences. I saw
to physics and pitched in here and there. Although I was wildly enthusiastic about this
project when first contacted about the prospect of presiding over it, my acceptance was
conditional on securing the participation of associate editors with a commanding view
of the main topic areas (physics, chemistry, biology, and mathematics) and the inter-
national stature that would be needed if the project were to attract the involvement of
historians with the right sort of expertise in the subject fields treated in these volumes.
The fact that the editorial team was all housed at the Institute for History and
Philosophy of Science (part of the University of Toronto) was a bonus, since close prox-
imity made for effortless communication, but I can think of no better partners in an
endeavor of this sort, academic affiliation notwithstanding. 

A number of people were involved in putting together the illustrations and mar-
ginal definitions. Hanna Ezzat, Valerie Tomaselli, Trevor Levere, Mary P. Winsor,
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Craig Fraser, Sean Pidgeon, and the contributors all had a hand in the marginal def-
initions, although responsibility for any errors is ultimately my own. Richard Garratt
is to be thanked for original illustrations. For work on tracking down historical illus-
trations, I would like to thank Sonja Matanovic and my tireless research assistant,
Freda Gough, the staff at The Fisher Rare Book Room (University of Toronto), and
The Royal Ontario Museum. 

Brian S. Baigrie, Institute for History and Philosophy of Science and Technology,
University of Toronto, April 2002

xii Preface



A
Abbe, Cleveland (1838–1916), 3:195,

3:197, 3:199, 3:211
Abbey, Edward (1927–89), 3:66
Abbot, Charles Greely (1872–1973),

3:216
Abel, Niels Henrik (1802–29),

1:157–158, 2:135, 2:137, 4:14
Abel, Othenio (1875–1946), 4:78
Abernethy, John (1764–1831), 4:74
Abraham, Karl (1877–1925), 4:117
Achillini, Allesandro (1463–1512),

1:180
Adams, John Couch (1819–92),

2:47–48
Addison, William (1802–81), 3:222
Adhèmar, Joseph (1797–1862), 3:199
Adler, Alfred (1870–1937), 4:117,

4:118
Adorno, T. W. (1903–69), 4:119
Adrian, Edgar Douglas (1889–1977),

1:217, 1:227
Agassiz, Alexander (1835–1910),

4:34, 4:79
Agassiz, Louis (1807–73)

anti-evolutionary theories, 3:37,
4:75–76, 4:80, 4:94–95

“Essay on Classification,” 1:67
fossil fishes, 3:32
geographic zones, theory of, 1:241
glaciation theory, 3:39 
Harvard’s Museum of Comparative

Zoology, 4:92, 4:166
museum-based scientific training,

4:92
taxonomic system of, 4:80, 4:166

Agricola, Georgius (1494–1555),
2:162, 2:166, 3:5–7

Airy, George (1801–92), 2:47, 4:60
Alberti, Friedrich August von

(1795–1878), 3:188
Alberti, Leone Battista (1414–72),

3:144, 3:187
Albert I of Monaco, Prince

(1848–1922), 4:31, 4:33–34,
4:36, 4:90

Albertus Magnus (1200–80), 1:53,
1:179, 2:153, 3:3, 3:198

Alcmaeon, Crotona (B.C. 535), 1:169
Alderotti, Taddeo (c. 1223–95),

1:179–180
Aldrovandi, Ulisse (1522–1605),

1:183, 1:190, 3:6
Alembert, Jean le Rond d’ (1717–83),

1:92–95, 1:155, 2:127–132,
3:171, 4:140

Alexander, Anne, 4:93

Alexander, Anthony (dates unknown),
2:233

Alexander the Great (d. 323 B.C.),
1:171, 1:173, 2:145

Alfanus (c. 1015–85), 1:179
Algarotti, Francesco (1712–64), 4:45
Alhazen (965–c. 1040), 1:120, 2:6,

2:9, 3:143, 4:44–46, 4:49
Alighieri, Dante (1265–1321), 4:130
al-Khwarizmi. See Khwarizmi, al-
al-Kindi. See Kindi, al-
Allard, Harry Ardell (1880–1963),

1:219
Allee, Warder (1885–1955), 3:56,

3:62
Allport, Gordon W. (1897–1967),

4:109
Alpher, Ralph (b. 1921), 2:63, 2:64,

2:69
al-Shatir, Ibn. See Shatir, al-, Ibn
al-Tusi. See Tusi, al-
Ampère, André Marie (1775–1836),

1:133, 3:83–84, 3:86
Anaxagoras (c. 500–c. 428 B.C.),

1:169
Anaximenes of Miletus (fl. c. 545

B.C.), 2:143
Anderson, Carl David (1905–91),

2:105
Andrews, Roy Chapman

(1884–1960), 4:85–86
Andrews, Thomas (1813–85), 3:211
Ångström, Anders Jonas (1814–74),

2:44
Ångström, Knut (1857–1910), 3:200
Anning, Mary (1799–1847), 4:83
Apollonius of Perga (fl. c. 200 B.C.),

1:84, 3:137–140, 3:143, 3:147
Appel, Wolfgang (b. 1928), 1:47
Appleton, Edward Victor

(1892–1965), 3:202
Aquinas, Thomas (1224/5–74), 2:153,

4:159
Arago, Dominique François Jean

(1786–1853), 2:47, 3:83, 3:86,
4:58–59

Arbuthnot, John (1667–1735), 3:189
Archimedes (c. 287–212 B.C.)

mathematics, contributions to,
1:84, 1:86, 1:87

physics, contributions to, 1:118
biography, 1:119
Galileo, influence on, 1:122–123
calculus, influence on, 2:107–108
geometry, contributions to, 3:137

mechanics and thermodynamics
(hydrostatics), contributions to,
3:160–161

Archimedes’ principle, 3:161
Pell’s equation, 4:10
legend of use of lens, 4:44

Ardrey, Robert (1908–80), 1:252
Arduino, Giovanni (1714–95),

3:23–26
Argand, Émile (1879–1940), 3:40
Aristarchus of Samos (c. 320–230

B.C.), 2:3, 3:160
Aristophanes (c. 450–c. 388 B.C.),

4:44
Aristotle (384–322 B.C.)

anatomy and physiology, contribu-
tions to, 1:171–172

anthropology, contributions to,
1:228

astronomy and cosmology, contri-
butions to, 2:2–3, 2:17, 2:18–19 

atomism and, 1:55–56
biology, contributions to, 1:54–58
cause, theory of, 4:155–156,
chemistry, contributions to,

2:144–145, 2:152, 2:153, 2:159,
2:169

developmental biology, contribu-
tions to, 2:238–241, 2:247

Earth science, contributions to,
3:1–3, 3:9

ecological niche, 3:52
empirical methodology, 1:130
fossils, 1:169
geocentric cosmology, 2:2–3, 2:17,

2:18–19 
geometry, contributions to, 3:135,

3:144
Hippocratic medicine and, 1:22
logic, rules of, 1:37, 1:38
matter, theory of, 3:160
mechanics, contributions to, 3:160
Meteorologica, 3:185
meteorology, contributions to,

3:186, 3:198
On the Generation of Animals,

2:238
optics and light, contributions to,

4:44, 4:45, 4:52
physics of motion, contributions

to, 1:115–118
spontaneous generation, 3:219
systematics, contributions to,

4:154, 4:155–160, 4:173
teleology and, 1:56–58

Arlandes, François-Laurent Marquis
d’ (1742–1809), 3:196

Arnauld, Antoine (1612–94), 1:89
Arrhenius, Svante  (1859–1927),

2:209, 3:199, 3:200, 4:24
Artin, Emil (1898–1962), 1:108
Aselli, Gaspare (1581–1625), 1:187
Assmann, Richard (1845–1918),

3:202
Aston, Francis William (1877–1945),

2:92
Aubuisson de Voisins, Jean-François

d’ (1769–1841), 3:29
Audubon, John James (1785–1851),

3:65
Augustine, Saint (354–430), 1:73,

3:219
Avempace (d. 1139), 1:120
Averroës (1126–98), 1:52, 4:45
Avery, Lorne (dates unknown), 2:234
Avery, Oswald T. (1877–1955), 1:79,

2:220, 3:115, 3:116, 3:243
Avicenna (980–1037), 1:22, 1:179,

2:150, 2:152, 2:153, 3:3, 4:45
Avogadro, Amedeo (1776–1856),

2:188–190

B
Baade,  Walter (1893–1960), 2:64,

2:66
Babbage, Charles (1792–1871), 1:97,

1:130
Bache, Alexander Dallas (1806–67),

4:28–29, 4:35
Bachet, Claude (1591–1638), 1:87,

4:3–6, 4:8–9
Bacon, Francis (1561–1626)

Advancement of Learning, 4:98
biography, 1:126
mechanical philosophy and, 1:60
Novum organum, 4:99
psychology, contributions to,

4:98–99
scientific method, 2:179, 2:239,

2:241, 3:184, 4:53
Bacon, Roger (c. 1220–92),

2:153–154, 4:44, 4:46
Baekeland, Leo (1863–1944), 2:216
Baer, Karl Ernst von (1792–1876),

1:65, 1:211, 2:251–253, 2:255
Baeyer, Adolf  von (1835–1917),

2:207
Bailly, Jean Sylvan (1736–93), 1:4
Baily, Irving Widmer (1884–1967),

1:220
Bain, Alexander (1810–1903), 3:92
Baird, Spencer Fullerton (1823–87),

4:34
Bakewell, Robert (1768–1843), 3:30

Name Index 255

Name Index
Note: Page numbers in italics indicate illustrations or photographs. 



A
abacists, 1:150–151
abdomen, imaging, 1:31
abelian groups, 1:158
aberration, 2:26–27
abiogenesis, 3:227
abscissa, 3:139
absolute differential calculus, 1:105
absolute time scale, 3:40
absolute zero, 2:213, 2:225
abstract algebra, 1:108, 1:149,

1:166–167
Académie Royal des Sciences (Paris),

1:53, 1:91, 1:129, 2:162–163,
2:180–181, 3:168

Accademia dei Cimento (Florence),
1:53, 1:129, 2:163, 3:189

Accademia dei Lincei (Rome), 1:129,
2:163, 3:11

accelerators, 1:144, 2:104, 2:104
accidental mountains, 3:3
acclimation, 3:45
acetic acid, chlorine substitution,

2:198–199
achromatism, 4:56–57
acids, 1:23, 2:16, 2:176–177, 2:190
actinium, in stellar spectra, 2:45
action-at-a-distance, 1:116, 1:117,

1:122, 1:123, 1:133, 3:89, 4:63
active principles, 4:56
actualism, 3:20
adaptive optics, 2:69
adaptor molecule, 2:222–223, 3:121
addition modulo, 1:158
adenine, 1:79, 3:117, 3:120
adiabatic expansion, 3:197
adrenaline, 1:213
adrenocortical secretion, 1:223
adrenocorticotropic hormone

(ACTH), 1:225
Advanced Research Projects Agency

(ARPA), 4:67–68
aether, 1:116, 1:124, 1:128, 1:131,

1:137, 1:194, 2:3, 2:80, 3:185,
4:62, 4:63

aethereal medium, 4:54
affine transformation, 3:153–154
affinity theory, 2:78–79, 2:167–169
affordances (Gibson), 4:128
Agassiz dredge, 4:34–35
agnostic, 1:70
agriculture, 1:68, 1:75, 1:200, 1:219,

3:44–45, 3:113, 3:225
AIDs epidemic. See HIV/AIDS
air pollution, 3:214–215
air quality control regions (AQCRs),

3:214

alchemy, 2:10–11
Arabic, 2:147–151, 2:155–156
chemistry versus, 2:154–157
medieval Latin, 2:151–154

alcohol, 2:198
alembics, theory of, 3:18
Alfonsine Tables, 2:7, 2:9, 2:10
algae, 3:218, 3:228
algebra, 1:149–167. See also calculus;

geometry; mathematics; number
theory

pre-1543 roots, 1:86, 1:149–151
1543–1700, 1:151–154
eighteenth century, 1:154–156
nineteenth century, 1:156–166
twentieth century, 1:166–167

Algebra (Bombelli), 1:152
algebraic functions, 2:129
algebraic integers, 1:161, 4:16
algebraic number fields, 1:161
algebraic numbers, 1:101, 1:161
algebraic topology, 3:157–158
algebra of segments, 1:153–154
algorism, 1:86
algorithms, 1:93, 2:106
alkahest, 2:159
alkaline earths, 1:196
alkalis, 1:23, 2:44, 2:165–166
alkanes, 2:232–233
alkaptonuria, 3:105–106
alleles, 3:102–103
allotropy, 2:202–203, 3:211–212
alluvial floods, 3:12–13
Almagest (Ptolemy), 1:86, 1:87,

1:119, 2:5, 3:141
alpha particles, 2:90–92, 2:93–94,

2:97, 2:98, 2:213
alteration of generations, 2:256–257
aluminum, 2:166, 2:203
American Association for the

Advancement of Science
(AAAS), 1:130, 1:239, 2:78

American Astronomical Association,
2:57

American Mineralogical Society, 3:30
American Museum of Natural

History, 4:84–85, 4:89
American Pragmatism, 1:13–14
American Psychoanalytic Association

(APA), 4:118–119
americium, 2:229
amino acids, 1:79, 2:209, 3:61
ammonia type compounds, 2:199
ammonites, 4:76
anaesthesia, 1:26

analysis
in mathematics, 1:92, 1:95, 2:138,

4:7–8
in proof, 1:40–41

Analytical Mechanics (Lagrange). See
Méchanique analitique
(Lagrange)

Analytical Theory of Heat, The
(Fourier), 1:131, 1:134

Analytical Theory of Probability
(Laplace), 4:141

analytic continuation, 4:18
analytic geometry, 1:166, 3:145–149
analytic number theory, 4:7–8,

4:17–19
anastomoses, 1:174
Anatomical Exercises on the Motion

of the Heart and Blood
(Harvey). See De motu cordis et
sanguinis (Harvey)

Anatomical Institutions (Guinter),
1:181–182

Anatomical Procedures (Galen), 1:181
anatomical theater, 1:204
anatomy and physiology. See also

biology; developmental biology;
evolution; medicine

pre-seventeenth century, 1:58,
1:168–183, 4:101–102

seventeenth and eighteenth century,
1:53, 1:58–64, 1:184–199,
2:160–161

nineteenth century, 1:26–27,
1:51–52, 1:53, 1:64–76,
1:199–213

twentieth century, 1:53–54,
1:76–82, 1:213–227

Anatomy of All the Internal Organs
of the Human Body (Mondino
de’ Luzzi), 1:180

Ancient Law (Maine), 1:244–245
androids, 1:77
Andromedes, 2:48
androsterone, 1:225
anemometer, 3:188
aneroid barometer, 4:40–41
anesthesia, 1:29, 1:33
angle of parallelism, 3:152–153
angular distances, 1:19, 2:31–33
angular momentum, 3:189
angular velocity, 2:21–22
anhydrous substances, 2:192
animalcules (Leeuwenhoek),

2:245–247, 2:249, 2:259–260,
3:218–219

animal electricity, 1:27, 1:62,
1:197–198, 1:198, 3:74–76

animal magnetism, 4:114–115
animism, 1:245
Anna O. (psychoanalysis case),

4:115–116
anodes, 2:224–225
antagonistic agents, 1:221
antheridium, 2:259
anthrax, 1:28, 3:230, 3:234
anthropology, 1:228–253. See also

paleontology
pre-sixteenth century roots,

1:228–229
sixteenth century, 1:229–231
seventeenth century, 1:231–233
eighteenth century, 1:233–237
nineteenth century, 1:237–247
twentieth century, 1:247–253

anthropometrists, 1:215
antiballistic missile, 4:68
antibiotics, 1:32–33, 2:211
anticoagulants, 1:33
antifebrile analgesic, 1:29
antimony, 1:189, 2:166, 2:203
antiprotein, 2:228
antiquities, 3:6
antiseptic surgery, 1:29–30
antitoxins, 1:29
apperception, 4:100
applied geology, 3:39–40
a priori, 1:228
Arbeitswissenschaft (science of labor),

1:203
archaeology, 1:241–243
Archaeopteryx, 4:76, 4:78–79, 4:88
archegonium, 2:259
archetypes, 1:202
Archimedean spiral, 1:84
Archimedes’ principle, 1:119,

3:160–161
areas under curved figures,

2:107–109, 2:112–113,
2:115–116

argon, 2:45, 2:204, 2:212–213
argument from design, 1:60–61, 1:232
argyropoeia, 2:155
Aristotelian-Ptolemaic theory, 1:19,

4:47
Aristotelian tradition of physics, 1:87,

1:116–118, 1:120
Arithmetica (Diophantus), 1:150,

4:2–6
Arithmetica infinitorum (Wallis),

2:111–112, 2:114
arithmetical algebra, 1:156
Arithmetical Investigations (Gauss).

See Disquisitiones arithmeticae
(Gauss)
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